Certain Z-mode wave emissions in the Earth's magnetosphere have been identified using the wave spectra and polarization measurements of the DE I satellite. Although such emissions accompany the aurora, and thus presumably originate from the evening-sector auroral zone, they are found to occur over much wider ranges of latitude and longitude. Since the predicted cyclotron maser emission at the cyclotron frequency could not have produced waves which travel such great distances, as we have shown by three-dimensional ray tracing, it is proposed instead that these emissions must originate from lower altitudes within the auroral zone and probably from near the plasma frequency inside the auroral plasma cavity.
INTRODUCTION
tan 2 0 = -P/S in most measurements. In the auroral magnetosphere, therefore, despite its insignificance to ionospheric radio propagation because of its narrow frequency range and inaccessibility from the ground, the Z mode is on a more equal footing with the other three magnetoionic wave modes, extending in some cases all the way from quite low frequencies up to and just slightly above the cyclotron frequency. Apart from their prior study as artificial echoes produced by the Alouette and ISIS topside sounder satellites [Calvert, 1966; Hagg et al., 1969; Colin and Chan, 1969] , Z-mode waves in the auroral magnetosphere were first identified in the Hawkeye satellite measurement by their low-frequency wave cutoff and then applied to help define the auroral plasma cavity [Calvert, 1980 [Calvert, , 1981 . They have since also however, have performed two-and three-dimensional ray tracing of the Z mode in hopes of accounting for the broadband nature of this radiation [Gurnett, 1983; Gumeft et al., 1983] but found instead that the observed broad bandwidth could not be explained by the maser mechanism producing orthogonal emission near the cyclotron frequency.
The plasma wave instrument (PWI) on DE 1 [Shawhah et al., 1981] can also measure polarization as well as spectra, and the purpose of this paper is to present some of its simultaneous spectra and polarization measurements showing Z-mode emissions. These observations, for the low-density region of the magnetosphere above the polar cap and auroral zone where fN • fH, will be summarized in a form of a global occurrence distribution and compared with our own three-dimensional ray tracing results. The other Z-mode emissions which have also been reported, for f•v > fH by Oya and Morioka [1983] will not be considered, nor will the presumably related UHR noise band at the upper hybrid resonance frequency [Mosier et al., 1973] . is often much stronger than any of these and is generally characterized by a conspicuous displacement above the local cyclotron frequency (e.g., above about 50 kHz in these figures or at 0730-0740 UT in Plates la and lb).
Our third criteria, of detecting abrupt signal cutoffs at the cyclotron frequency, was the one which was actually used most to determine the occurrence of auroral Z-mode emissions. Although by itself somewhat less certain because it recal to the work of Persoon et al. [1988] Z-mode emission between the plasma and cyclotron frequencies thus frequently occurs throughout the polar region, although they tend to concentrate as expected in the evening-sector auroral zone. At other times, however, as in Figure 2 for roughly one-third of the cases, they were observed quite far from this apparent evening sector auroral zone source, sometimes even as far as over the pole and into the dayside hemisphere (although, as in Plate le, separate sources at different longitudes, such as that producing the concurrent auroral hiss, cannot be ruled out). The Z mode, therefore, although presumably generated only in the evening auroral zone, must be capable of propagating over considerable distances, and this is one of the principal new results of this analysis, as will be developed further in the next section.
RAY TRACING
Three-dimensional ray tracing was performed in order to determine where the possible Z-mode wave source or sources might be located. This ray tracing employed the same density model as a previous AKR ray-tracing study [Hashimoto, 1984] , including both an auroral plasma cavity and a plasmapause, but with no longitudinal dependence. The cavity in this model was centered on an invariant latitude of 70 ø, with a width and density profile chosen to fit the original Hawkeye observations [Calvert, 1981] Figure 6a , the waves extend to below the plasma frequency, having crossed the density step at the cavity wall without significant deflection. Although generally obscured by the stronger auroral hiss emissions in this region, such waves might extend down to the local Z-mode cutoff and thus account for the previous cutoff observations of Z-mode waves in this region [Calvert, 1981] . However, none of these waves penetrate into the plasmasphere, and so the Z-mode waves reported for this region by Oya and Morioka [1983] 
